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ASSAY METHOD 



FIELD OF THE INVENTION 

This invention relates to a method and device for rapid screening of 
drug candidates, especially candidate agents for treatment of Alzheimer's 
disease and stroke. The invention provides a biosensor method and device 
which is particularly applicable to screening libraries of compounds. 

RACKORQUND OF THE INVENTION 

All references, including any patents or patent applications, cited in 
this specification are hereby incorporated by reference. No admission is 
made that any reference constitutes prior art. The discussion of the 
references states what their authors assert, and the applicants reserve the 
right to challenge the accuracy and pertinency of the cited documents. It will 
be clearly understood that, although a number of prior art publications are 
referred to herein, this reference does not constitute an admission that any 
of these documents forms part of the common general knowledge in the art, 
in Australia or in any other country. 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder 
characterized by the accumulation of deposits of amyloid p protein (AJ3) in 
the form of amyloid plaques and cerebral amyloid angiopathy (CAA) (Price et 
al, 1991). Ap is toxic, and accumulation of Ap in the neuropil contributes to 
degenerative changes such as tangle formation and gliosis (Small et al, 
2001). The accumulation of CAA causes the loss of cerebrovascular smooth 
muscle cells (SMCs) and weakening of the small and mid-sized vessels in the 
cerebral cortex and leptomeninges, and consequently is a risk factor for 
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intracerebral haemorrhage (stroke), cerebral infarction, and dementia 
(Vinters, 1987; Ghiso and Frangione, 2001). In certain familial conditions 
amyloid is deposited predominantly as CAA (Ghiso and Frangione, 2001). 
The major component of the amyloid deposits is a 4 kDa polypeptide 
5 known as P-amyloid protein (AP) (Glenner et al., 1984; Masters et a/., 1985), 
which is derived from a much larger p-amyloid protein precursor (APP) 
(Kang et al, 1987). The major form of A^which is produced in the brain 
contains 40 amino acid residues. However, minor forms containing 42 or 43 
residues are also formed. Production of these minor forms is closely linked 

10 to the pathogenesis of AD (Scheuner et a/., 1996). 

One approach to AD therapy is to inhibit production of AP in the 
brain. Proteolytic cleavage of APP by BACEi and y-secretase generates the 
full-length AP, which is then released from cells (Nunan and Small, 2000). 
Therefore inhibitors of either BACEi or y-secretase may be of therapeutic 

15 value. Alternatively, a number of studies have shown that cholesterol can 
influence AP release (Simons et al., 1998; Hartmann, 2001; Fassbender et 
a/., 2001; Frears et a/., 1999; Friedhoff et a/., 2001). Therefore inhibitors of 
cholesterol biosynthesis, such as statins, may also be of therapeutic value. 
One advantage of statins is that they have relatively low toxicities, and their 

2 0 mode of action is much better understood than many other compounds 

currently being investigated as therapeutic agents for AD. However, there is 
some disagreement in the art as to the value of lowering cholesterol levels, 
and some workers consider that cholesterol is actually beneficial (Ji et al, 
2002). 

2 5 The mechanism of AP toxicity is poorly understood (Small et al, 

2001). AP can bind to lipids (Curtain et al., 2001; Valdez-Gonzalez et al., 
2001), including gangliosides (Ariga et al., 2001), sphingolipids (Mahfoud et 
al., 2002) and cholesterol (Kremer et a/., 2000; Avdulov et a/., 1997; Eckbert 
et a/., 2000). In particular, AP can bind to membrane lipids, and this 

3 0 interaction may be toxic for cells (Hertel et al, 1997)- However, few studies 

have attempted to correlate the degree of lipid binding by AP with its 
toxicity. Ji et al. (2002) have suggested that the binding of AP to cholesterol 
might prevent AP toxicity by inhibiting its oligomerization. 
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It is also known that acetylcholinesterase (AChE) colocalises with Ap 
in the amyloid deposits which are found in the brains of Alzheimer's disease 
patients, and that AChE accelerates amyloid formation, both from wild-type 
AP and from a mutant A0 peptide which alone is able to produce few 
5 amyloid-like fibres. This action of AChE is not affected by an inhibitor of the 
enzyme active site, but is inhibited by propidium, which binds to the 
peripheral anionic binding site. In contrast, butyrylcholinesterase, which 
lacks this peripheral anionic binding site, did not affect amyloid formation 
(Inestrosa et al. 1996). AChE forms stable complexes with AP can bind to the 

1 0 enzyme acetylcholinesterase to form stable complexes, and this binding 
increases the neurotoxicity of amyloid fibrils (Alvarez et al., 1998). 
Modelling studies suggest that a major hydrophobic sequence, designated 
Site I, which is exposed on the surface of AChE, is involved in complex 
formation with AP, and a 35 amino acid hydrophobic peptide corresponding 

15 to this sequence is indeed able to promote amyloid formation and is 

incorporated into growing AP fibrils (De Ferrari et aL, 2001). Site I is also 
able to interact with liposomes (Shin et al., 1996). 

In addition to amyloid deposits of the Ap type, there are a number of 
other proteins which form amyloid deposits, and of these several are known 

20 to be involved in the pathogenesis of clinical conditions. For example 
immunoglobulin light chains form the amyloid fibrils in primary 
amyloidosis, and reactive or secondary amyloidosis is caused by a number of 
different proteins. Familial amyloidosis is caused by deposits of mutant 
forms of transthyretin, apolipoprotein A-I, gelsolin fibrinogen A a, or 

2 5 lysozyme; of these, the most common form of homelial amyloidosis is that 

caused by mutant transthyretin. These amyloidoses are all systemic, and 
rarely if ever involve the central nervous system. The systemic amyloidoses 
have recently been reviewed (Falk et aL, 1997)- 

Deposition of amyloid-like fibrils may also be important in other 

3 0 neurodegenerative diseases, such as Parkinson's disease and other 

conditions in which a-synuclein fibrils are deposited. These include 
Parkinson's disease itself, dementia with Lewy body formation, multiple 
system atrophy, Hallerboden-Spatz disease, and diffuse Lewy body disease. 
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The technique of surface plasmon resonance (SPR)has been very 
widely applied to the analysis of the interaction between ligands and ligand- 
binding compounds in a variety of situations, and biosensors based on this 
principle are commercially available, for example from BIAcore AB and from 
5 Affinity Sensors, Inc. Biosensor methods have the advantage of being 
performed in real time without any requirement for labelling, and are 
especially suitable for screening large numbers of samples, and consequently 
they are extremely useful in high-throughput screening of candidate 
pharmaceutical agents. Recently biosensors have been used extensively for 

10 the study of the interactions between peptides and membranes (Mozsolits 
and Aguilar (in press, 2002). 

In particular, sensor chips such as the HPA and Li chips from BIAcore 
AB and the Hydrophobic Surface cuvette from Affinity Sensors, Inc are 
useful in the study of lipid interactions. See for example US Patent No. 

1 5 5,922,594 by Lofang, and the papers by Valdez-Gonzalez et al and by Ariga et 
al. referred to above. However, as far as the inventors are aware there has 
been no suggestion that a biosensor technique could be used for the high- 
throughput screening of candidate agents for the treatment of any amyloid- 
related condition. 

20 We have now surprisingly found that the binding of an amyloid 

protein to isolated membranes from a given cell type, as measured using a 
biosensor, correlates very well with the degree of toxicity against that cell 
type, as measured by a cytotoxicity assay. Thus the invention uses the 
biosensor to measure binding of amyloid protein to isolated membranes 

2 5 from a cell type such as a neuron, as an index of toxicity. In this way, 

compounds can be rapidly screened for their therapeutic properties. While it 
was previously known that Ap can bind to synthetic lipids or to cells in 
culture, this is the first demonstration that actual cell membranes can be 
used for this purpose in a biosensor. 

30 

SUMMARY OF THE) INVENTION 



In a first aspect, the invention provides a device for screening of 
candidate agents for treatment of a condition involving cerebral amyloidosis, 
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cerebral angiopathy, or systemic amyloidosis, comprising a biosensor 
membrane coupled to a lipid preparation which comprises cholesterol and 
phospholipid. 

Preferably the lipid preparation comprises about 30% to 80% 
5 cholesterol. More preferably the lipid preparation is a plasma membrane- 
enriched fraction of a cellular homogenate of smooth muscle cells, nerve 
cells, kidney cells, cardiac myocytes, or hepatocytes, chosen according to the 
target condition. For a condition involving a cerebral amyloidosis or cerebral 
angiopathy, the lipid preparation is prepared from smooth muscle cells or 
10 nerve cells. Even more preferably the cells are vascular smooth muscle cells 
or neuronal cells. For the systemic amyloidoses, the major tissues involved 
are kidney, heart and liver. Therefore for these conditions the cellular 
homogenate is prepared from kidney cells, cardiac myocytes or hepatocytes. 
The cells may be obtained from primary tissue samples, or may be 
1 5 prepared from cells of a primary or transformed cell line. For neuronal cells, 
cell lines or primary cells of cortical or hippocampal origin are particularly 
preferred. 

In a second aspect, the invention provides a method of screening of 
candidate agents for treatment of a condition involving cerebral amyloidosis, 
20 cerebral angiopathy, or systemic amyloidosis, comprising the step of 

assessing the effect of a candidate agent on binding of an amyloid peptide to 
a lipid preparation which comprises cholesterol and phospholipid, in which 
inhibition of binding indicates potentially useful activity. 

In a third aspect, the invention provides a method of screening of 

2 5 candidate agents for potential toxicity to the brain or to cerebral blood 

vessels, comprising the step of assessing the effect of a candidate agent on 
binding of an amyloid peptide to a lipid preparation which comprises 
cholesterol and phospholipid, in which promotion of binding indicates 
potentially toxic activity. 

3 0 Preferably the lipid preparation is coupled to a biosensor membrane. 

Preferably the lipid preparation comprises about 30% to 80% cholesterol. 
More preferably the lipid preparation is a plasma membrane-enriched 
fraction of muscle cells or nerve cells. Even more preferably the cells are 
vascular smooth muscle cells or neurons. 
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Preferably where the amyloid peptide is Ap, the method is performed 
in the presence of acetylcholinesterase (AChE). More preferably AChE is 
added to the A0 prior to its addition to the lipid preparation. Most 
preferably in this form of the invention the lipid preparation is coupled to a 
5 biosensor membrane. Suitably, both AChE and A0 are at a concentration of 
up to about lopM. 

In a fourth aspect the invention provides an agent for the treatment of 
a condition involving cerebral amyloidosis or cerebral angiopathy, which is a 
compound which has the ability to inhibit binding of an amyloid peptide to a 
10 lipid preparation which comprises cholesterol and phospholipid. 

In one preferred embodiment the compound also has the ability to 
inhibit cholesterol biosynthesis. 

In a fifth aspect the invention provides a composition for the 
treatment of a condition involving cerebral amyloidosis, cerebral angiopathy, 
15 or systemic amyloidosis, comprising a compound which has the ability to 
inhibit binding of an amyloid peptide to a lipid preparation which comprises 
cholesterol and phospholipid, together with a pharmaceutical^ acceptable 
carrier. 

In a sixth aspect the invention provides an method of treatment of a 
20 condition involving cerebral amyloidosis, cerebral angiopathy, or systemic 
amyloidosis, comprising the step of administering an effective amount of a 
compound which has the ability to inhibit binding of an amyloid peptide to a 
lipid preparation which comprises cholesterol and phospholipid to a subject 
in need of such treatment. 

2 5 The amyloid protein will generally be selected from those known to be 

associated with the target condition. For example, where the condition 
involves cerebral amyloidosis or cerebral angiopathy, the amyloid peptide 
will preferably be A0. Where the amyloidosis is immunoglobulin light chain- 
related (AL) amyloidosis, the protein will be immunoglobulin light chain or a 

3 0 biologically functional fragment thereof, preferably the light chain variable 

region. For secondary amyloidosis the amyloid protein is preferably amyloid 
A. For familial amyloidosis, the protein is preferably selected from the group 
consisting of transthyretin, apolipoprotein A-I, gelsolin, fibrinogen A a, and 
lysozyme. 
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The condition involving cerebral amyloidosis or cerebral angiopathy 
may be a sporadic condition such as Alzheimer's disease, amyloidosis 
associated with Down syndrome, prion-related cerebral amyloidosis, 
including Creutzfeld-Jacob disease and its new variant associated with "mad 
5 cow" disease, or sporadic cerebral angiopathy, or may be a familial condition 
such as one of the several forms of autosomal dominant forms of familial 
Alzheimer's disease (reviewed in St George-Hyslop, 2000); hereditary 
cerebral haemorrhage associated with the Flemish, Arctic, Dutch, or Italian 
mutations of A0 precursor protein (reviewed in Ghiso and Frangione, 2001); 

1 0 hereditary cerebral haemorrhage with amyloidosis (Icelandic type); 

meningocerebrovascular and oculoleptomeningeal amyloidosis; familial 
British dementia; familial Danish dementia; Cystatin C-related cerebral 
amyloid angiopathy; transthyretin-related cerebral amyloid angiopathy; and 
gelsolin-related spinal and cerebral amyloid angiopathy. 

1 5 Preferably the condition involving cerebral amyloidosis or cerebral 

angiopathy is sporadic or familial Alzheimer's disease, amyloidosis 
associated with Down syndrome, sporadic cerebral angiopathy, prion-related 
cerebral amyloidosis, familial British dementia, Cystatin C-related cerebral 
amyloid angiopathy, transthyretin-related cerebral amyloid angiopathy, or 

2 0 gelsolin-related spinal and cerebral amyloid angiopathy. 

The condition involving systemic amyloidosis may be primary 
amyloidosis, or may be a reactive amyloidosis or a familial amyloidosis. 
Preferably this condition is selected from the group consisting of AL, familial 
transthyretin-associated amyloidosis, amyloid protein A-associated 

2 5 amyloidosis, or familial amyloidosis associated with apolipoprotein A-I, 

gelsolin, fibrinogen A a, or lysozyme. 

It will be clearly understood that the method of treatment and the 
composition according to the invention may be used in conjunction with 
other treatments for the relevant condition. For example, where the 

3 0 condition involves cerebral amyloidosis or cerebral angiopathy, particularly 

Alzheimer's disease, they may be used in conjunction with treatment with 
another agent such as an acetylcholinesterase active site inhibitor, for 
example phenserine, galantamine, or tacrine; an antioxidant, such as 
Vitamin E or Vitamin C; an oestrogenic agent such as 17-P-oestradiol; a 
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chelating agent, such as clioquinol; or AChE peripheral site inhibitor such as 
propidium or gallamine. 

In one embodiment, the condition is associated with an amyloid-type 
protein other than Ap, such as synuclein. In this embodiment, the condition 
5 is selected from the group consisting of Parkinson's disease, dementia with 
Lewy body formation, multiple system atrophy, Hallerboden-Spatz disease, 
and diffuse Lewy body disease. 

The term "subject" as used herein refers to any mammal having a 
disease or condition which requires treatment with a pharmaceutically- 
10 active agent. The mammal may be a human, or may be a domestic or 
companion animal. While it is particularly contemplated that the 
compounds of the invention are suitable for use in medical treatment of 
humans, they are also applicable to veterinary treatment, including 
treatment of companion animals such as dogs and cats, and domestic 
15 animals such as horses, cattle and sheep, or zoo animals such as apes and 
monkeys, felids, canids, bovids, and ungulates. 

Methods and pharmaceutical carriers for preparation of 
pharmaceutical compositions are well known in the art, as set out in 
textbooks such as Remington's Pharmaceutical Sciences, 20th Edition, 
20 Williams & Wilkins, Pennsylvania, USA. 

The compounds and compositions of the invention maybe 
administered by any suitable route, and the person skilled in the art will 
readily be able to determine the most suitable route and dose for the 
condition to be treated. Dosage will be at the discretion of the attendant 

2 5 physician or veterinarian, and will depend on the nature and state of the 

condition to be treated, the age and general state of health of the subject to 
be treated, the route of administration, and any previous treatment which 
may have been administered. The compound of the invention may 
optionally be administered in conjunction with one or more other 

3 0 pharmaceutically-active agents suitable for the treatment of the condition, ie 

it may be given together with, before, or after one or more such agents. 

The carrier or diluent, and other excipients, will depend on the route 
of administration, and again the person skilled in the art will readily be able 
to determine the most suitable formulation for each particular case. 
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As used herein, the term "therapeutically effective amount" means an 
amount of a compound of the present invention effective to yield a desired 
therapeutic response, for example to prevent or treat a disease which is 
susceptible to treatment by administration of a pharmaceutically-active 
5 agent. 

The specific "therapeutically effective amount" will of course vary with 
such factors as the particular condition being treated, the physical condition 
and clinical history of the subject, the type of animal being treated, the 
duration of the treatment, the nature of concurrent therapy (if any), and the 
1 0 specific formulations employed and the structure of the compound or its 
derivatives. 

As used herein, a "pharmaceutical carrier" is a pharmaceutical^ 
acceptable solvent, suspending agent, excipient or vehicle for delivering the 
compound of the invention and/or another pharmaceutically-active agent to 

15 the subject. The carrier may be liquid or solid, and is selected with the 
planned manner of administration in mind. 

The compound of the invention maybe administered orally, topically, 
or parenterally in dosage unit formulations containing conventional non- 
toxic pharmaceutical^ acceptable carriers, adjuvants, and vehicles. The 

2 0 term parenteral as used herein includes subcutaneous, intravenous, 

intramuscular, intrathecal, intracranial, injection or infusion techniques. 

Generally, the terms "treating", "treatment" and the like are used 
herein to mean affecting a subject, tissue or cell to obtain a desired 
pharmacological and/or physiological effect. The effect may be prophylactic 

25 in terms of completely or partially preventing a disease or sign or symptom 
thereof, and/or may be therapeutic in terms of a partial or complete cure of a 
disease, treating" as used herein covers any treatment of, or prevention of 
disease in a vertebrate, a mammal, particularly a human, and includes: 
preventing the disease from occurring in a subject which may be predisposed 

30 to the disease, but has not yet been diagnosed as having it; inhibiting the 

disease, ie., arresting its development; or relieving or ameliorating the effects 
of the disease, ie., causing regression of the effects of the disease. 

The invention includes various pharmaceutical compositions useful 
for ameliorating disease. The pharmaceutical compositions according to one 
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embodiment of the invention are prepared by bringing a compound of the 
invention and optionally one or more other pharmaceutically-active agents 
or combinations of the compound of the invention and one or more other 
pharmaceutically-active agents into a form suitable for administration to a 
5 subject, using carriers, excipients and additives or auxiliaries. 

Frequently used carriers or auxiliaries include magnesium carbonate, 
titanium dioxide, lactose, mannitol and other sugars, talc, milk protein, 
gelatin, starch, vitamins, cellulose and its derivatives, animal and vegetable 
oils, polyethylene glycols and solvents, such as sterile water, alcohols, 

10 glycerol and polyhydric alcohols. Intravenous vehicles include fluid and 
nutrient replenishes. Preservatives include antimicrobial, anti-oxidants, 
chelating agents and inert gases. Other pharmaceutically acceptable carriers 
include aqueous solutions, non-toxic excipients, including salts, 
preservatives, buffers and the like, as described, for instance, in Remington's 

1 5 Pharmaceutical Sciences, 20th ed. Williams & Wilkins (2000) and The 

British National Formulary 43rd ed. (British Medical Association and Royal 
Pharmaceutical Society of Great Britain, 2002; http://bnf.rhn.net), the 
contents of which are hereby incorporated by reference. The pH and exact 
concentration of the various components of the pharmaceutical composition 

2 0 are adjusted according to routine skills in the art. See Goodman and 
Gilman's The Pharmacological Basis for Therapeutics (7th ed., 1985). 

The pharmaceutical compositions are preferably prepared and 
administered in dosage units. Solid dosage units include tablets, capsules 
and suppositories. For treatment of a subject, depending on activity of the 

2 5 compound, manner of administration, nature and severity of the disorder, 

age and body weight of the subject, different daily doses can be used. Under 
certain circumstances, however, higher or lower daily doses may be 
appropriate. The administration of the daily dose can be carried out both by 
single administration in the form of an individual dose unit or else several 

3 0 smaller dose units and also by multiple administration of subdivided doses 

at specific intervals. 

For the purposes of this specification it will be clearly understood that 
the word "comprising" means "including but not limited to", and that the 
word "comprises" has a corresponding meaning. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure l shows the effect of AP peptides on vascular SMC viability. Vascular 
5 SMC cultures were incubated with AP peptides (io nM, unaged or aged for 5 
days) for 24 h. The decrease in MTS release was calculated as a percentage 
of the mean value for cultures in which no peptide was added. Values are 
means ± SEM (n=3). Asterisks show values that are significantly different 
from the values obtained from the corresponding incubation using unaged 
1 0 peptide (P < 0.05, Student's t test). 

Figure 2 shows the levels of amyloid fibrils in fresh or aged AP peptide 
preparations, as measured by a Congo Red binding assay. AP peptides were 
allowed to age for 5 days or prepared fresh and then incubated with Congo 
Red. The concentration of amyloid fibrils was determined 
1 5 spectrophotometrically. Asterisks show values which are significantly 

different from the values obtained from the corresponding experiment using 
unaged peptide (P < 0.05, Student's t test). 

Figures 3A and B illustrates sensorgrams showing the binding of various 
concentrations of unaged Ap 1-42 (A) and AP 1-40 (B) to SUV containing 
2 0 60% cholesterol and 40% phospholipid. The binding is shown in response 
units (RU). 

Figure 3C shows the results of Scatchard plot analysis of the binding of Api- 
42 and Api-40 to SUV containing 60% cholesterol and 40% phospholipid. 
Req = theoretical maximum value of RU for each concentration. C (= 

2 5 concentration of AP in ^M) was used as an approximation of the total 

amount of unbound Ap. 

Figure 4 shows the results of quantitative analysis of the effect of aging on 
the binding of Ap peptides to synthetic phospholipid membranes. AP 
peptides (10 ^iM), aged for 0 or 5 days, were injected over a cholesterol : 

3 0 phospholipid (60:40, w/w) surface. The binding is shown in response units 

recorded 20 min after addition of the peptide (RU 20). Values are means ± 
SEM (n=3). Asterisks show values which are significantly different from the 
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values obtained from the corresponding experiment using unaged peptide (P 
< 0.05, Student's t test). 

Figure 5 shows the effect of the cholesterol : phospholipid ratio on the 
binding of A0 1-40 and 1-42 to a synthetic lipid membrane. Unaged A0 
5 peptides (10 |iM) were injected over the membrane surface on the biosensor, 
and the binding was measured. The binding is shown in response units 
recorded 20 min after addition of the peptide (RU 20). Values are means ± 
SEM (n = 3). Asterisks show values for Ap 1-42 which are significantly 
different from the corresponding incubation using A0 1-40 (P < 0.05, 
10 Student's t test). PL = phospholipid. 

Figure 6 shows the effect of lovastatin on the binding of A|3 peptides to 
vascular SMC membranes. Unaged A0 peptides (10 \iM) were injected over 
the lovastatin-treated (10 \xg / ml) and untreated vascular SMC membrane 
surface, and the binding was measured. A. AfJ binding in response units 

1 5 recorded 20 min after addition of the peptide (RU 20). Bars show mean 

values + SEM (n=3). B. Cholesterol content of the crude plasma membrane 
preparations from untreated and lovastatin-treated cells. The membrane 
preparation was diluted 1:100 prior to assay. Bars show mean values + SEM 
(n=3). Asterisks show values which are significantly different from the 

2 0 corresponding incubations without lovastatin (P < 0.05, Student's t test). 

Figure 7 shows the effect of lovastatin on AfJ toxicity. Lovastatin-treated and 
untreated vascular SMC cultures were incubated with unaged AfJ peptides 
(10 jiM). The decrease in MTS release was calculated as a percentage of the 
mean value for no addition control cultures. Values are means ± SEM (n=3). 

2 5 Asterisks show values which are significantly different from the 

corresponding incubations without lovastatin (P < 0.05, Student's t test). 

DETAILED DESCRIPTION OF THE INVENTION 

3 0 The invention will now be described in detail by way of reference only 

to the following non-limiting examples and drawings. 
Abbreviations used herein are as follows: 
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AD Alzheimer's disease 

APP P-amyloid protein precursor 

CAA cerebral amyloid angiopathy 

DMEM Dulbecco's modified Eagle's medium 
5 DMPC dimyristoyl-L-a-phosphatidylcholine 

DMPE dimyristoyl-L-a- 

phosphatidylethanolamine 
MPG dimyristoyl-L-a-phosphatidylglycerol DMPS 

dimyristoyl-L-a-phosphatidylserine 

1 0 MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3- 

carboxymethoxyphenyl)-2(4-sulfophenyl)-2H- 
tetrazolium 

SMC smooth muscle cell 

SUV small 100 nm unilamellar vesicles. 

15 

We have examined the binding of AP peptides both to synthetic lipid 
bilayers and to plasma membrane-enriched preparations derived from 
vascular smooth muscle cells (SMCs), using surface plasmon resonance. We 
have found that the extent of binding of A0 to membranes correlates very 
2 0 well with the extent of Aj5 toxicity. Importantly, we have demonstrated that 
AJ3 binding to synthetic lipids and intact SMC membranes requires the 
presence of cholesterol, and that reduction of membrane cholesterol content 
with an inhibitor of cholesterol biosynthesis reduces A(5 toxicity. 



2 5 Our results strongly support the view that cholesterol-lowering drugs reduce 
Ap toxicity by reducing A|3-membrane binding. 



Materials 

A0 peptides were synthesised using manual solid-phase Boc (N-terf- 
3 0 butocarbonyl) amino acid synthesis. Peptides were synthesized using 
manual solid-phase Boc amino acid chemistry with in situ neutralisation. 

Acylations were performed using 5 equivalents of the Boc-protected 
amino acid, 4.9 equivalents of 2-(iif-benzotriazole-i-yl)-i,i,3,3- 
tetramethyluronium hexafluorophosphate, 5 equivalents of 1- 
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hydroxybenzotriazole and 7,5 equivalents of diisopropylethylamine in 
dimethyl formamide. Each acylation was monitored using ninhydrin, and 
couplings were repeated if necessary. AP peptides were cleaved from the 
resin using anhydrous hydrogen fluoride and p-cresol/p-thiocresol. 
5 Hydrogen fluoride was then removed, and the peptide was dissolved in 
trifluoroacetic acid and precipitated with ether. 

Peptide purification was achieved using an acetonitrile/water (0.01% 
trifluoroacetic acid) gradient on a reversed-phase preparative Zorbax high 
performance liquid chromatography (HPLC) column heated to 6o°C. The 

10 purity (> 95%) and identity of the peptide was analysed by analytical HPLC, 
electrospray mass spectrometry and amino acid analysis. 

Dulbecco's modified Eagle's Medium (DMEM) and 
penicillin/streptomycin were purchased from Gibco Life Technologies 
(Mulgrave, Vic, Australia), and foetal bovine serum (heat inactivated) was 

15 purchased from Commonwealth Serum Laboratories (Parkville, Vic, 
Australia). iV-octyl- -D-glucopyranoside, dimyristoyl-L-oc- 
phosphatidylcholine (DMPC), dimyristoyl-L-a-phosphatidyl-DL-glycerol 
(DMPG), dimyristoyl-L-a-phosphatidylethanolamine (DMPE), dimyristoyl- 
L-oc-phosphatidylserine (DMPS) and D-cholesterol were purchased from 

2 0 Sigma (St Louis, MO, USA). Lovastatin was purchased from Calbiochem 
(Sydney, NSW, Australia), and activated to its active open-ring form as 
previously described (Jakobisiak et al y 1991)- 

Solubilization and aging of A/3 peptides 

25 AP 1-42, AP 1-40, AP 1-28, AP 17-42 and AP 29-42 were dissolved in 

dimethyl sulfoxide (DMSO) at a concentration of 2 mM. The peptide 
solutions were then sonicated (42 kHz) for 5 minutes, and centrifuged at 
5,000 rpm for 1 minute at room temperature using a Hermle Z160M bench 
microfuge. Solubilised peptides were immediately snap-frozen and mixed on 

30 a vortex mixer for 15 seconds. The peptides were then diluted into DMEM 
for cell culture experiments, or in 0.02 M sodium phosphate buffer, pH 6.8 
for biosensor experiments, to give a final concentration of 10 \xM. To "age" 
AP peptides, a process which increases the proportion of fibrillar oligomeric 
species (Jarrett and Lansbury, 1992), peptides were incubated at 37°C in a 
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humidified atmosphere of 5% C0 2 for 5 days at a concentration of 100 jxM. 

Congo red assay of amyloid fibrils 

The concentration of amyloid fibrils was measured using the assay of 
5 Klunk et al. (1999). A0 peptides were mixed with Congo red (CR) in 0.02 M 
sodium phosphate buffer, pH 6.8. The final concentration of peptide and CR 
was 10 fiM. Solutions of CR alone were also prepared in 0.02 M sodium 
phosphate buffer, pH 6.8. The mixture was vortexed briefly and then 
incubated at room temperature for 15 min. The absorbances at 403 and 541 
10 nm were measured using a BioRad SmartSpec 3000 spectrophotometer. 
Background absorbance values of buffer alone were subtracted from the 
values obtained from each sample. The concentration of A0 fibrils in each 
preparation was then determined using the formula 

15 [A fibrils] = (A^nm Ap:CR solution / 4780) - (A^nm of A0:CR solution / 
6830) - (A403nm of CR solution / 8620) 

All preparations were prepared in triplicate, and the assay was conducted 
independently three times, with similar results being obtained in each 
20 experiment. 

Vascular smooth muscle cell culture 

Vascular SMCs from aortae of Sprague-Dawley rats were cultured in 
DMEM supplemented with 10% foetal bovine serum and 

2 5 penicillin/streptomycin at 37°C in a humidified atmosphere of 5% C0 2 . 

Vascular SMCs were plated at a density of 104 cells / well in a 96-well plate, 
or at a density of 10 6 cells / 75 cm 2 cell culture flask (Nunc, Denmark) in 20 
ml culture medium, and grown to 80% confluence, after which the medium 
was removed and replaced with fresh, serum-free medium with or without 10 

30 yM lovastatin. The cells were then incubated for 72 h. The cells were then 
either used for the preparation of membranes, or incubated with A0 peptides 
(10 \M) for cytotoxicity assay. In the latter case, A|3 peptides were added to 
the culture medium and the cells incubated for a further 24 h. In control 
incubations, vehicle alone, ie lacking peptide, was added. 
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MTS assay of cytotoxicity 

Cytotoxicity was determined using the CellTiter 96 AQueous One 
Solution Cell Proliferation Assay kit (Promega Corporation, Madison, WI, 
5 USA) (Cory et al., 1991). The [3-(4,5-dimethylthiazol-2-yl)-5-(3- 

carboxymethoxyphenyl)-2(4-sulfophenyl)-2H-tetrazolium (MTS) reagent 
solution was added to the culture medium at a concentration of 10% (by 
volume). The cells were then incubated for a further 2 h at 37 °C, and the 
absorbance of the samples read at a wavelength of 560 nm using a Wallac 
10 Victor 1420 plate reader. 

Plasma membrane preparation 

A crude plasma membrane preparation was prepared from vascular 
SMCs by differential centrifugation (Hubbard et a/., 1983). Cells were 
15 scraped off 10 x 75 cm 2 flasks using a cell scraper, and centrifuged in DMEM 
at 3,000 rpm in a Beckman Coulter Allegra 21R centrifuge at 4 °C for 3 min. 
The pellet was then washed with phosphate-buffered saline (PBS), added to 
10 ml of STM buffer (0.25 M sucrose/ 5 mM Tris-HCl, pH 7.4 / 1.0 mM 
MgCl 2 ), and homogenized on ice using 10 up and down strokes in a 40 ml 

2 0 Dounce-type glass homogenizer with a loose-fitting pestle. The homogenate 

was centrifuged at 1,100 rpm for 5 min. The supernatant fraction was saved 
and the pellet rehomogenized in 5 ml of STM buffer. The suspension was 
again centrifuged, and the first and second supernatant fractions combined, 
then centrifuged at 40,000 rpm for 2 h (Beckman L8-M Ultracentrifuge, 
25 70Ti rotor, no brake) and the resulting crude plasma membrane fraction 
resuspended in 1.0 ml of 0.02 M sodium phosphate buffer, pH 7.4. Total 
membrane cholesterol was determined using the Amplex Red cholesterol 
assay kit (Molecular Probes, Eugene, OR, USA). The protein content of the 
membrane preparations was determined using the bicinchoninic acid (BCA) 

3 0 assay using bovine serum albumin as standard. 



Preparation of synthetic model membranes 

Small 100 nm unilamellar vesicles (SUV), containing DMPC, DMPG, 
DMPS and DMPE, and cholesterol, were prepared in 0.02 M phosphate 
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buffer (pH 6.8) by sonication and extraction. Briefly, 1.5 mg of total lipid was 
dissolved in 1.5 ml of CHC1 3 : MeOH (3:1, v/v). Aliquots (408 pi) were 
removed and evaporated under a stream of nitrogen, and the lipids further 
dried in vacuo overnight. The lipids were then resuspended in 600 \j! of 
5 0.02 M sodium phosphate buffer, pH 6.8. The resulting lipid dispersion was 
sonicated in a bath type sonicator until clear, and then extruded 17 times 
through 100 nm pore diameter polycarbonate filters using Iiposofast 
apparatus (Avestin, Ottawa, Canada) to obtain 100 nm SUV. The mixed lipid 
vesicles contained 80% (w/w), 60% (w/w), 40% (w/w), 30% (w/w) or 0% 
1 0 (w/w) cholesterol. The remaining lipid comprised a mixture of DMPC : 
DMPE : DMPS : DMPG in a ratio of 75 : 20 : 2.5 : 2.5 (by weight). 

Binding studies 

Binding experiments were carried out with a BIAcore X analytical 
15 system (Biacore, Uppsala, Sweden) using an Li sensor chip (Biacore), as 
supplied by the manufacturer. It will be appreciated that other types of 
biosensor may also be used, preferably provided that the chip surface is such 
that the bound lipid material is able to retain a bilayer or monolayer 
structure. The running buffer used for all experiments was 0.02 M sodium 
2 0 phosphate buffer, pH 6.8 (phosphate buffer). The washing solution was 40 
mM Af-octyl fJ-D-glucopyranoside. The regeneration solution was 10 mM 
sodium hydroxide. All solutions were freshly prepared, degassed and filtered 
through a 0.22 \\M filter. The operating temperature was 25°C. 

The alkyl surface of the Li chip was cleaned by an injection of 25 \jA of 

2 5 non-ionic 40 mM octyl glucoside at a flow rate of 5 jil/min. SUV (100 pi) or 

vascular SMC membranes (100 ^1 containing 0.33 mg protein) were then 
immediately applied to the chip surface at a low rate of 5 pl/min. To remove 
any multilamellar structures from the synthetic lipid surface, 30 (J of 10 mM 
sodium hydroxide was injected at a flow rate of 50 ^l/min, resulting in a 

3 0 stable baseline corresponding to the successful formation of an immobilized 

layer of SUVs. 

Peptide solutions were prepared at concentrations ranging from 0.5 to 
10 nM. The solutions were injected over the lipid surface at a flow rate of 5 
Hl/min for 20 min. The peptide solution was then replaced by phosphate 
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buffer and the peptide- membrane complex allowed to dissociate. The 
removal of the bound peptide and regeneration of the Li chip surface, 
without removal of the synthetic lipid or vascular SMC membrane layer, was 
achieved by an injection of sodium hydroxide (30 jjI, 10 mM) at a flow rate of 
50 ^1/min. 

The amount of binding in response units (RU) was fitted by a simple 
one-to-one Langmuir reaction model (Morton etaL, 1995): 

A+B~AB 

or a competing reaction model (Karlsson and Fait, 1997): 
A + B-AB and A + C~AC 

15 using BIAevaluation 3.0 software (Biacore). The data obtained from five 
different binding experiments performed at five different concentrations of 
peptide were fitted globally to obtain the equilibrium association constant 
(Ka). The accuracy of each fit was assessed by calculating a X 2 value for the 
data (Karlsson and Fait, 1997). A lower X 2 value was taken as an indication 

20 of a better fit of the data. The binding was found to approach equilibrium 
after incubation with the peptide for 20 min. Therefore for routine 
quantification of total binding to the membrane, the RU value obtained 20 
min after addition of the peptide (RU 20 ) was taken as an estimate of 
maximum binding at each concentration (R«q). Scatchard plots were 

2 5 generated using BIAevaluation 3.0 software (Biacore). 

Example 1 Toxicity of Aft against vascular smooth muscle 

cells 

30 To measure AP toxicity against vascular SMCs, cultures of cells were 

treated with AfJ peptides and analogues (10 |iM) and the amount of toxicity 
determined using the MTS assay (Cory et al., 1991)- AP1-40, AP1-42, AP29- 
42 and AP 17-42 were all found to cause significant toxicity, as shown in 
Figure 1. Api-28 was less toxic, suggesting that the toxicity of AP may be 
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associated with the more hydrophobic C-terminal region of the peptide. 
Aging the peptides by incubation for 5 days caused a significant increase in 
toxicity. Previous studies (e.g., Pike et al., 1991) have shown that the 
aggregation of the Aj3 into fibrils may be important for the generation of 
5 toxic species. The present results support this conclusion. Incubation of AP 
peptides for 5 days significantly increased the proportion of fibrillar species 
as determined by a Congo red binding assay, as shown in Figure 2. In 
general, the amount of AP toxicity approximately correlated with the 
proportion of fibrillar species. For example, there was a significant increase 
10 in cytotoxicity after aging Ap 1-42 (p < 0.05; Student's t test). In addition, 
aged AP 1-28, which formed fewer fibrillar species than the other Ap species 
tested, was significantly less toxic to vascular SMC cultures. 



Example 2 Binding of AB peptides to lipids 

15 

As previous studies have shown that AP can interact directly with lipid 
membranes, we examined the possibility that the toxic effects of AP were due 
to a direct interaction with the vascular SMC membrane. To study the 
binding of AP to lipids, biosensor technology was employed. Initially a 

2 0 biosensor chip was coated with a synthetic lipid mixture containing 60% 

cholesterol, 30% DMPC, 8% DMPE, 1% DMPS and 1% DMPG, and 
sensorgrams obtained for AP 1-42 and AP 1-40. These are shown in Figure 
3A and Figure 3B respectively. The peptides bound to the lipid surface in a 
biphasic manner. The initial association of the peptide to the lipid surface 
25 was rapid. Maximum binding was approached approximately 20 min after 
application of the peptide. The dissociation curve of the bound complex 
followed a similar biphasic pattern. The signal fell rapidly at the end of the 
injection period, since the peptide was no longer present and the buffer flow 
removed a large amount of weakly bound peptide. Typically, the peptide 

3 0 sensorgrams did not return to zero until the biosensor was stripped with 10 

mM NaOH, indicating that a proportion of the peptide remained bound to 
the surface. 

The biphasic nature of the Ap-lipid interaction was confirmed by a 
curve fitting analysis of the association and dissociation curves. A poor fit 
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was obtained using the simplest one to one Langmuir binding model 
(Morton et al., 1995) (X 2 for Api-42 = 1035; X 2 for A01-4O = 1200). 
However, a significantly improved fit was obtained using a competing 
reaction model (Karlsson and Fait, 1997) (X 2 for AP1-42 = 400; X 2 for Ajii- 
5 40 = 370). Scatchard plot analysis of the binding data was also consistent 
with a biphasic interaction for both Afh-42 and Afh-40, as shown in Figure 
3C. 

A comparison of A3 peptides and analogues for their abilities to bind 
to the synthetic lipid mixture showed that there was good agreement 

10 between the extent of lipid binding, as shown in Figure 4, and the amount of 
toxicity caused by each peptide as shown in Figure 1. For example, the more 
toxic C-terminal A0 fragments (A|3 29-42 and AJ3 17-42) bound more strongly 
than the less toxic N-terminal fragment (Aji 1-28). 

The ratio of cholesterol to phospholipid in the synthetic lipid mixture 

1 5 was directly related to the extent of high-affinity lipid binding, as illustrated 
in Figure 5. When a pure phospholipid mixture was used, very little binding 
was observed. However, at higher concentrations between 30-80% 
cholesterol, the amount of binding increased. This increase in binding was 
also reflected by an increase in the equilibrium association constants 

2 0 determined after fitting the kinetic data from Figures 3A and 3B to a 

competing reaction model. As shown in Table 1, both AJ3 1-42 and A0 1-40 
peptides had a higher binding affinity for synthetic lipid mixtures containing 
a greater percentage of cholesterol. 
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10 



Table l 

Values of equilibrium association constants (Ka) for the binding of A0 to 
synthetic lipid mixtures based on a competing reaction model of binding 



Cholesterol : PL ratio Peptide Km Ka2 

30 : 70 Afh-42 1.8 x 105 6.9 x 104 

Api-40 1.1 x 105 5.2 X 104 

60:40 Afh-42 2.0 xio 8 4.8x107 

Apl-40 4 0 X 107 1.3 x 10 6 



80:20 A01-42 2.7 xio 8 6.9x107 

15 A01-4O 4.8x107 1.0x107 



Kai = equilibrium association constant for high affinity binding component. 
KA2 = equilibrium association constant of low-affinity binding component. 

20 

Example 4 Effect of cholesterol on binding 



25 



To determine whether the cholesterol content of the vascular SMC 
membrane influences the binding of Aj3, we prepared a plasma membrane- 
enriched fraction from vascular smooth muscle cells and applied this fraction 
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to the biosensor chip. When applied at a concentration of 10 ^M, both A0i- 
40 and Afh-42 bound to the membrane fraction, as shown in Figure 6. The 
total amount of binding was approximately 10% of that observed for a 
synthetic lipid mixture containing 60% cholesterol and 40% phospholipid, as 
5 shown in Figure 5. 

Example r Effect of a cholesterol synthesis inhibitor on 

binding 

1 0 The effect of lovastatin, a cholesterol biosynthesis inhibitor, on A0 

binding to the membrane was also examined. Cells were pretreated with 
lovastatin for 72 h and then a plasma membrane-enriched fraction was 
prepared. The protein composition of the membrane fractions was closely 
similar in the control (3.29 + 0.15 mg/ml) and lovastatin-treated groups 

1 5 (3.24 + 0.03 mg/ml), indicating that lovastatin treatment did not 

significantly alter the amount of total membrane protein. Treatment of the 
cells with lovastatin was found to strongly decrease binding of both AP1-40 
and Afh-42 to the membrane fraction, as shown in Figures 6A and B). After 
lovastatin treatment, the cholesterol content of the membrane fraction was 

2 0 reduced to approximately 55% of that recovered from untreated cells (Figure 
6, panel B). Ajh-40 and Afh-42 binding to the plasma membrane fraction of 
lovastatin-treated cells was approximately 25% of that achieved without 
lovastatin pretreatment. As indicated by their equilibrium association 
constants, both peptides displayed a higher binding affinity for untreated 

2 5 vascular SMC membranes than for membranes treated with lovastatin. This 
is summarised in Table 2. 
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Table 2 

Values of equilibrium association constants for the binding of AP to vascular 
SMC membranes based on a competing reaction model of binding 

5 



Treatment group Peptide Kai Ka2 

Untreated AP1-42 1.8 xio 6 9.6 x10s 

10 A01-4O 8.3 x10s 5-9X105 

Lovastatin- AP1-42 9.3x104 5.3 x 

Treated Api-40 4.1x1c 3.6xio» 



15 

Kai = equilibrium association constant for high affinity binding component. 
Ka2 = equilibrium association constant of low-affinity binding component. 



Example 6 Effect of inhibiting cholesterol synthesis on toxicity 

20 

To examine whether this decrease in binding might have any 
consequences for AP toxicity, the amount of AP toxicity was measured 
following lovastatin treatment of cells, using the MTS assay. The results are 
shown in Figure 7. Lovastatin alone had little effect on the ability of vascular 
2 5 SMCs to reduce MTS. However, cells pretreated with lovastatin were more 
resistant than untreated cells to AP toxicity, as the AP1-40 and AP1-42- 
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induced decrease in MTS reduction was approximately 25-40% lower in 
lovastatin-treated cells than in controls. 

DISCUSSION 

5 

We have demonstrated that cholesterol is required for the binding of 
AJ5 to synthetic lipid mixtures and to vascular SMC membranes. Our results 
also suggest that lowering plasma membrane cholesterol can decrease Ap 
toxicity. Taken together, our results indicate that binding of AP to the lipid 

10 component of the plasma membrane is required for Aj3 toxicity. 

Analysis of the sensorgram data indicated that the binding of AP to 
lipid membranes is more complicated than a simple one to one interaction. 
This conclusion was also supported by the Scatchard plots, which were 
nonlinear (i.e., biphasic). While several interpretations of these data are 

1 5 possible, one possibility is that AP exists in multiple states, each of which 
binds to lipids with a different affinity. Aging the peptides by incubation for 
5 days was found to increase AP binding and to increase the concentration of 
amyloid fibrils. Unaged Ap also contained some amyloid fibrils, suggesting 
that different oligomeric species have different affinities for lipid binding. 

2 0 For this reason, the data from Scatchard analysis must be interpreted with 
caution. The binding may be biphasic; however, more data may reveal a 
more complex interaction. For the same reason, affinity constants calculated 
from the competing reaction model, as reported in Tables 1 and 2, should be 
viewed as indicating an overall affinity of AP for the lipid membrane, rather 

2 5 than as having any independent significance. 

There have been conflicting reports on the role of cholesterol in A0 
toxicity. Zhou and Richardson (1996) reported that methyl-P-cyclodextrin- 
cholesterol protects cells from AP-mediated toxicity. However, in this study, 
cholesterol was added exogenously, and the lipid composition of the plasma 

3 0 membrane was not analyzed. In contrast, Wang et al. (2001) reported that 

methyl-p-cyclodextrin alone attenuated AP toxicity by lowering cell 
cholesterol, and suggested that the effect of methyl-P-cyclodextrin- 
cholesterol might be related more to a loss of cellular cholesterol, rather than 
to the addition of exogenous cholesterol. Our own studies strongly support 
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this view, as well as providing a biochemical explanation for the decreased 
toxicity. 

There is good evidence that AP-membrane binding is involved in AP 
toxicity. AP can bind to phospholipids (Waschuk et al., 2001), and inhibition 
5 of electrostatic interactions between AP and the negative phospholipids can 
inhibit AP toxicity (Hertel et al., 1997). We have found that bound AP was 
easily removed from lipid membranes with sodium hydroxide, suggesting 
that electrostatic, rather than hydrophobic forces, are involved. This 
contrasts with the behaviour of many other peptides, which bind 

1 0 hydrophobically and penetrate deeply into the lipid bilayer (Mozsolits et a/., 
2001). Indeed, although cholesterol can bind Ap, presumably via 
hydrophobic interactions, Ji et al. have shown that AP-cholesterol binding 
inhibits fibril formation, and have speculated that cholesterol might be 
neuroprotective. However, in our studies, increased cholesterol was clearly 

1 5 associated with increased toxicity. Therefore direct binding of AP to 
cholesterol may not be involved in the AP-membrane interaction in our 
system. Ap can also bind to sphingolipids and gangliosides (Ariga et al., 
2001; Valdez-Gonzalez et al., 2001; Mahouf et al., 200). Thus it is possible 
that cholesterol plays some other role, perhaps in the control of membrane 

2 0 fluidity. This concept fits in well with our finding that changing the 

cholesterol content changes the equilibrium association constant (Ka) for 
binding, i.e. that the properties of the entire membrane are altered by 
cholesterol to increase the affinity of binding. 

The mechanism by which AP binding to the cell membrane causes cell 

2 5 toxicity is still unclear. Free radical production, lipid peroxidation and 

alterations in ion channel function have been implicated (reviewed by Small 
and McLean, 1999). If AP binds directly to the lipid component of the 
membrane, then alterations in membrane fluidity may occur. Chochina et al. 
(2001), using synaptic plasma membranes, have reported that AP 1-40 can 

3 0 increase neuronal membrane fluidity, although in contrast to this Kremer et ' 

al (2001), using synthetic lipids, found that AP can decrease membrane 
fluidity. Certainly changes in membrane fluidity could affect the function of 
a variety of proteins on the cell surface, including ion channels. For example, 
alterations in fluidity are known to affect the sub-membrane localization and 
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function of the nicotinic receptor (Baenziger et al, 2000). 

We have found that the extent of A3 aggregation correlates with the 
vascular SMC toxic response. Although the process of aging increases the 
number of amyloid fibrils formed from AP, as assessed using a CR binding 
5 assay, this does not prove that fibrils are the major toxic form of AjJ. For 
example, even though aged AP 1-28 failed to form fibrils, it was still toxic to 
vascular SM, albeit in a significantly less pronounced manner than the other 
peptides. AP is probably secreted as a monome, and subsequently aggregates 
into soluble oligomers or fibrils (Podlisny et al, 1998). It is likely that the 

1 0 levels of soluble oligomeric species of Ap are also increased by the process of 
aging. A recent study by Lambert et al. (1998) found that small, low 
molecular weight oligomers of Ap 1-42 are several orders of magnitude more 
potent as neurotoxins than high molecular weight fibrillar species of AP 1-42. 
Therefore more work is needed to define the precise nature of the 

1 5 toxic form of Ap, and to ascertain the mechanism of toxicity. 

There is some epidemiological evidence that lowering blood 
cholesterol levels may be of benefit for Alzheimer's disease. In at least one 
population-based study, the incidence of AD has been found to be higher in 
individuals with higher cholesterol levels (Roher et al, 1999). The C4 allele 

20 of the apolipoprotein E gene is known to be a risk factor for Alzheimer's 
disease (Bales et al, 1997; Corder etal, 1993), and demented individuals 
who are homozygous for the 24 allele have been reported to have higher 
plasma cholesterol levels than do normal elderly controls (Czech et al, 
1994). This idea is also supported by the observation that AD-like pathology 

25 is less severe in APP transgenic mice which have been treated with a 

cholesterol-lowering drug (Refolo et al, 2001). Indeed, two retrospective 
studies using cholesterol-lowering statins have reported dramatic decreases 
in the risk of developing AD (Jick et al, 2000; Wolozin et al, 2000). 

Cholesterol could have more than one role in the pathogenesis of AD. 

30 A number of studies have shown that cholesterol is also important for the 
regulation of AP production (Mizuno et al, 1998). High cholesterol uptake 
can increase AP deposition in transgenic mice (Refolo et al, 2000; Sparks et 
al, 1994). Cholesterol depletion can inhibit the generation of AP in 
hippocampal neurons (Simons et al, 1998), and this effect may be mediated 
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by APP secretases (Kojiro et al, 2001). Thus it is possible that inhibition of 
cholesterol biosynthesis as a therapeutic strategy for AD may have a dual 
beneficial role, not only decreasing AP production in the brain, but also 
decreasing the toxic consequences of A0 accumulation. As cholesterol 
5 biosynthesis inhibitors have few major toxic side effects, this approach, 
coupled with other therapeutic strategies such as the use of secretase 
inhibitors (Nunan and Small, 2000) AP immunization (Schenk et a/., 1999) 
or acetylcholine esterase inhibitors such as galantamine Reminyl® could 
become the treatment of choice. 

10 

It will be apparent to the person skilled in the art that while the 
invention has been described in some detail for the purposes of clarity and 
understanding, various modifications and alterations to the embodiments 
and methods described herein maybe made without departing from the 
15 scope of the inventive concept disclosed in this specification. 

References cited herein are listed on the following pages, and are 
incorporated herein by this reference. 
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CLAIMS 



1 i. A device for screening of candidate agents for treatment of a condition 

2 involving cerebral amyloidosis, cerebral angiopathy, or 

3 systemic amyloidosis, comprising a biosensor membrane 

4 coupled to a lipid preparation which comprises cholesterol and 

5 phospholipid. 

12. A device according to claim l, in which the lipid preparation 

2 comprises about 30% to 80% cholesterol. 

1 3. A device according to claim 1, in which the lipid preparation is a 

2 plasma membrane-enriched fraction of a cellular homogenate 

3 of smooth muscle cells, nerve cells, kidney cells, cardiac 

4 myocytes, or hepatocytes, chosen according to the target 

5 condition. 

1 4. A device according to claim 1, in which the condition involves a 

2 cerebral amyloidosis or cerebral angiopathy, and the lipid 

3 preparation is prepared from smooth muscle cells or nerve 

4 cells. 

1 5. A device according to claim 1, in which the condition is systemic 

2 amyloidosis, and the cellular homogenate is prepared from 

3 kidney cells, cardiac myocytes or hepatocytes. 

1 6. A method of screening of candidate agents for treatment of a 

2 condition involving cerebral amyloidosis, cerebral angiopathy, 

3 or systemic amyloidosis, comprising the step of assessing the 

4 effect of a candidate agent on binding of an amyloid peptide to 

5 a lipid preparation which comprises cholesterol and 

6 phospholipid, in which inhibition of binding indicates 

7 potentially useful activity. 

1 7. A method of screening of candidate agents for potential toxicity to the 

2 brain or to cerebral blood vessels, comprising the step of 

3 assessing the effect of a candidate agent on binding of an 
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4 amyloid peptide to a lipid preparation which comprises 

5 cholesterol and phospholipid, in which promotion of binding 

6 indicates potentially toxic activity. 

1 8. A method according to claim 6 in which the lipid preparation is 

2 coupled to a biosensor membrane. 

1 9, A method according to claim 8, in which the lipid preparation 

2 comprises about 30% to 80% cholesterol. 

1 10. A method according to claim 8, in which the lipid preparation is a 

2 plasma membrane-enriched fraction of muscle cells or nerve 

3 cells. 

1 11. A method according to claim 10, in which the cells are vascular 

2 smooth muscle cells or neurons. 

1 12. A method according to claim 8, in which the amyloid peptide is A|3, 

2 and the method is performed in the presence of 

3 acetylcholinesterase (AChE). 

1 13. A method according to claim 12, in which the AChE is added to the Ap 

2 prior to its addition to the lipid preparation. 

1 14. A method according to claim 13, in which the lipid preparation is 

2 coupled to a biosensor membrane. 

1 15, A method according to claim 12, in which both AChE and Ap are at a 

2 concentration of up to about lOfiM. 

1 16. An agent for the treatment of a condition involving cerebral 

2 amyloidosis or cerebral angiopathy, which is a compound 

3 which has the ability to inhibit binding of an amyloid peptide to 

4 a lipid preparation which comprises cholesterol and 

5 phospholipid. 

1 17. An agent according to claim 16, in which the amyloid peptide is a(J. 

1 18. An agent according to claim 16, in which the compound also has the 

2 ability to inhibit cholesterol biosynthesis. 
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1 19. A composition for the treatment of a condition involving cerebral 

2 amyloidosis, cerebral angiopathy, or systemic amyloidosis, 

3 comprising a compound which has the ability to inhibit binding 

4 of an amyloid peptide to a lipid preparation which comprises 

5 cholesterol and phospholipid, together with a pharmaceutically 

6 acceptable carrier. 

1 20. A method of treatment of a condition involving cerebral amyloidosis, 

2 cerebral angiopathy, or systemic amyloidosis, comprising the 

3 step of administering an effective amount of a compound which 

4 has the ability to inhibit binding of an amyloid peptide to a 

5 lipid preparation which comprises cholesterol and 

6 phospholipid to a subject in need of such treatment. 

1 21. A method according to claim 20, in which the condition involves 

2 cerebral amyloidosis or cerebral angiopathy, and the amyloid 

3 peptide is A0. 

1 22. A method according to claim 20, in which the condition involving 

2 cerebral amyloidosis or cerebral angiopathy is a sporadic 

3 condition such as Alzheimer's disease, amyloidosis associated 

4 with Down syndrome, prion-related cerebral amyloidosis, 

5 including Creutzfeld-Jacob disease and its new variant 

6 associated with "mad cow" disease, or sporadic cerebral 

7 angiopathy, or is a familial condition such as an autosomal 

8 dominant forms of familial Alzheimer's disease; hereditary 

9 cerebral haemorrhage associated with the Flemish, Arctic, 

1 0 Dutch, or Italian mutations of A|J precursor protein; hereditary 

1 1 cerebral haemorrhage with amyloidosis (Icelandic type); 

1 2 meningocerebrovascular and oculoleptomeningeal 

13 amyloidosis; familial British dementia; familial Danish 

14 dementia; Cystatin C-related cerebral amyloid angiopathy; 

1 5 transthyretin-related cerebral amyloid angiopathy; and 

1 6 gelsolin-related spinal and cerebral amyloid angiopathy. 

1 23. A method according to claim 20, in which the condition 

2 involving cerebral amyloidosis or cerebral angiopathy is 
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3 sporadic or familial Alzheimer's disease, amyloidosis associated 

4 with Down syndrome, sporadic cerebral angiopathy, prion- 

5 related cerebral amyloidosis, familial British dementia, 

6 Cystatin C-related cerebral amyloid angiopathy, transthyretin- 

7 related 
8 

9 cerebral amyloid angiopathy, or gelsolin-related spinal and 

10 cerebral amyloid angiopathy. 

1 24. A method according to claim 20, in which the condition involves 

2 systemic amyloidosis, and is a primary amyloidosis, a reactive 

3 amyloidosis or a familial amyloidosis. 

1 25. A method according to claim 21, in which 

2 (a) the condition is immunoglobulin light chain-related (AL) 

3 amyloidosis, and the protein is immunoglobulin light chain or K 

4 a biologically functional fragment thereof, 

5 (b) the condition is amyloid protein A-associated amyloidosis and 

6 the amyloid protein is amyloid A; or 

7 (c) the condition is familial amyloidosis, and the protein is selected 

8 from the group consisting of transthyretin, apolipoprotein A-I, 

9 gelsolin, fibrinogen A a, and lysozyme. 

1 26. A method according to claim 20, in which the condition is associated 

2 with synuclein, and the condition is selected from the group 

3 consisting of Parkinson's disease, dementia with Lewy body 

4 formation, multiple system atrophy, Hallerboden-Spatz 

5 disease, and diffuse Lewy body disease. 

1 27. A method according to claim 7 in which the lipid preparation is 

2 coupled to a biosensor membrane. 

1 28. A method according to claim 27, in which the lipid preparation 

2 comprises about 30% to 80% cholesterol. 

1 29. A method according to claim 27, in which the lipid preparation is a 

2 plasma membrane-enriched fraction of muscle cells or nerve 

3 cells. 
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1 30. A method according to claim 29, in which the cells are vascular 

2 smooth muscle cells or neurons. 

1 31. A method according to claim 27, in which the amyloid peptide is A0, 

2 and the method is performed in the presence of 

3 acetylcholinesterase (AChE). 

1 32. A method according to claim 31, in which the AChE is added to the A(3 

2 prior to its addition to the lipid preparation. 

1 33. A method according to claim 32, in which the lipid preparation is 

2 coupled to a biosensor membrane. 

1 34. A method according to claim 31, in which both AChE and A0 are at a 

2 concentration of up to about iO|iM. 



WO 2004/001426 



1/7 



PCT/US2003/019375 



FIGURE l 



0 s 



C 




WO 2004/001426 



2/7 



PCT/US2003/019375 



FIGURE 2 



3 2 



3. 

13 



ea 
< 

o 1 

c 
o 

'■4-> 

2 

§ 

c 
o 

0 




li 



□ Aged peptide 
M Fresh peptide 




WO 2004/001426 



3/7 



PCT/US2003/019375 



FIGURE 3 




WO 2004/001426 



PCT/US2003/019375 



FIGURE 4 




WO 2004/001426 



5/7 



PCT/US2003/019375 



FIGURE 5 




0:100 30:70 60:40 80:20 
Cholesterol : PL ratio 



WO 2004/001426 



PCT/US2003/019375 



FIGURE 6 




WO 2004/001426 



7/7 



PCT/US2003/019375 



FIGURE 7 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 




iiiiiiiiiiiiiiiiiniiiuiiiii 



(43) International Publication Date (10) International Publication Number 

31 December 2003 (31.12.2003) PCT WO 2004/001426 A3 



(51) International Patent Classification 7 : G01N 33/68, 

33/543, 33/50 

(21) International Application Number: 

PCMJS2003/019375 

(22) International Filing Date: 19 June 2003 (19.06.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

ps 3064 20 June 2002 (20.06.2002) AU 

60/392,761 1 July 2002 (01.07.2002) US 

== (71) Applicant: AXONYX, INC. [US/US]; 825 3rd Avenue, 
== 40th Floor, New York, NY 10022 (US). 

■■■■ (72) Inventors: SMALL, David, Henry; 35 Munro Avenue, 
= Ashburton, VIC 3147 (AU). SUBASIGNE, Supundi; 
^= 32 Granton Avenue, Endeavour Hills, Vic 3802 (AU). 

AGUILAR, Marie-Isabel; Lot 21 Glynns Road, Warrab- 
= dyte, Vic 3113 (AU). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

18 March 2004 



== (74) Agents: EPSTEIN, William, H. et al.; Gibbons, Del Deo, 
= Dolan, Griffinger & Vecchione, One Riverfront Plaza, 
= Newark, NJ 07102 (US). 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



O (54) Title: METHOD FOR IDENTIFYING DRUGS FOR THE TREATMENT OF ALZHEIMER'S DISEASE 
<S 

^ (57) Abstract: Methods and devices for rapid screening of drug candidates, especially candidate agents for treatment of Alzheimer's 
disease and stroke are disclosed. The invention provides treatment compounds and a biosensor method and device which is partic- 
^ ularly applicable to screening libraries of compounds. 



PCtTuS 03/19375 



A. CLASSIFICATION OFSUBJECT MATTER . m ^ . 

IPC 7 G01N33/68 G01N33/543 601N33/50 



According lo International Patent Classification (IPC) or to both national classification and IPC 



B, FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 601N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

BIOSIS, EPO-Internal , WPI Data, EMBASE, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DATABASE WPI 

Section Ch, Week 199605 

Derwent Publications Ltd., London, GB; 

Class B04, AN 1996-048023 

XP002265989 

& JP 07 122628 B (TOSHIBA KK), 
25 December 1995 (1995-12-25) 
abstract 

DATABASE WPI 

Section Ch, Week 199252 

Derwent Publications Ltd., London, GB; 

Class B04, AN 1992-429280 

XP002265990 

& JP 04 326048 A (OKI ELECTRIC IND CO LTD) 
, 16 November 1992 (1992-11-16) 
abstract 

-/-- 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E - earlier document but published on or after the international 

filing date 

•L« document which may throw doubts on priority clalm(s)or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the International filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken atone 

•Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skiiled 
In the art. 

'&' document member of the same patent family 



Date of the actual completion of the international search 



23 December 2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Riiswljk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of mailing of the International search report 



13/01/2004 



Authorized officer 



Gunster, M 



Form PCT7ISA/210 (second sheet) (July 1992) 



PCt7uS 03/19375 



C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 8 


Citation of documenl, with indication .where appropriate, of the relevant passages 


Relevant to claim No. 


P,X 


SUBASIN6HE SUPUNDI ET AL: "Cholesterol is 

necessary both for the toxic effect of 

Abeta peptides on vascular smooth muscle 

cells and for Abeta binding to vascular 

smooth muscle cell membranes." 

JOURNAL OF NEUROCHEMISTRY, 

vol. o4, no. o, reoruary &uuo \c\j\jo —vlj, 

pages 471-479, XP002265980 

ISSN: 0022-3042 

page 473 


1-4 


X 


WO 00 71742 A (HICKMAN JAMES J) 
30 November 2000 (2000-11-30) 
claims 1,8,9 


1-4 


X 


DATABASE BIOSIS 'Online! 
BIOSCIENCES INFORMATION SERVICE, 
PHILADELPHIA, PA, US; 
8 November 1999 (1999-11-08) 
JIA LING-YUN ET AL: "Biosensor binding 
assay of BmK AS-1, a novel Nan- 
channel -blocking scorpion ligand on rat 
brain synaptosomes" 

Database accession no. PREV200000066401 

XP002265991 

abstract 

& NEUROREPORT, 

vol. 10, no. id, 

8 November 1999 (1999-11-08), pages 

3359-3362, 

ISSN: 0959-4965 


1-4 


v 

A 


l.in 00 T77K7 A fTMIT MAT ^AMTF RFfH NIFn 

;VERR0UST PIERRE J (FR); HAMMOND TIMOTHY 
6) 29 July 1999 (1999-07-29) 
page 46 


1-3 5 


P,X 


DE 101 50 971 A (UNIV DRESDEN TECH) 

17 April 2003 (2003-04-17) 

column 4, line 46 - line 60; figure 1 


1-4 


A 


WILLIAMS, C. ET AL: "Advances 1n Lipid 

Immobilization" 

BIAJOURNAL, 

vol. 7, no. 1, 2000, XP002265981 
the whole document 


1-5 



Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



PCtTuS 03/19375 



C.<Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Cilalion of document, with indication .where appropriate, of the relevant passages 


Relevant to claim No. 


A 


DANELIAN ERNEST ET AL: "SPR biosensor 
studies of the direct Interaction between 
27 drugs and a liposome surface: 
Correlation with fraction absorbed 1n 
humans" 

JOURNAL OF MEDICINAL CHEMISTRY, 

vol. 43, no. 11, 1 Oune 2000 (2000-O6-01), 

pages 2083-2086, XP002265982 

ISSN: 0022-2623 

the whole document 


1-5 


A 


KAKIO ATSUKO ET AL: 

"Cholesterol -dependent formation of GMl 
gangliosi de-bound amyloid beta-protein, an 
endogenous seed for Alzheimer amyloid" 
JOURNAL OF BIOLOGICAL CHEMISTRY, 
vol. 276, no. 27, 
6 July 2001 (2001-07-06), pages 
24985-24990, XP002265983 
ISSN: 0021-9258 

page 24989, column 2, last paragraph 


6-15, 
27-34 


A 


KAKIO ATSUKO ET AL: "Interactions of 
amyloid beta-protein with various 
gangliosides in raft-like membranes: 
Importance of GMl gangl1os1de-bound form 
as an endogenous seed for Alzheimer 
amyloid" 
BIOCHEMISTRY, 
vol. 41, no. 23, 

11 June 2002 (2002-06-11), pages 
7385-7390, XP002265984 
ISSN: 0006-2960 
the whole document 


6-15, 
27-34 


A 


JI SHANG-RONG ET AL: "Cholesterol is an 

Important factor affecting the membrane 

Insertion of beta-amyloid peptide 

(Abetal-40), which may potentially inhibit 

the fibril formation" 

JOURNAL OF BIOLOGICAL CHEMISTRY, 

vol. 277, no. 8, 

22 February 2002 (2002-02-22), pages 
6273-6279, XP002265985 
ISSN: 0021-9258 
the whole document 


6-15, 
27-34 


A 


YIP CHRISTOPHER M ET AL: "Abeta42-pept1de 
assembly on lipid b1 layers" 
JOURNAL OF MOLECULAR BIOLOGY, 
vol. 318, no. 1, 

19 April 2002 (2002-04-19), pages 97-107, 
XP002265986 
ISSN: 0022-2836 
the whole document 

-/-- 


6-15, 
27-34 



Form PCT/1SA/210 (continuation ol second sheet) (July 1992) 



1 PPT^K O^/l Q^7R 
1 rLI/Uo UO/I70/O 


C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


Citation of document, with Indlcation.where appropriate, of the relevant passages 




A 


FASSBENDER K ET AL: "Alzheimer's disease: 


6-15, 




Molecular concepts and therapeutic 


27-34 




targets" 






NATURWISSENSCHAFTEN, 






vol. 88, no. 6, June 2001 (2001-06), pages 






261-267, XP002265987 






ISSN: 0028-1042 






the whole document 




A 


LIANG JUN-SHAN ET AL: "Recombinant human 


6-15, 




serum amyloid A (apoSAAp) binds 


27-34 




cholesterol and modulates cholesterol 






flux" 






JOURNAL OF LIPID RESEARCH, 






vol. 36, no. 1, 1995, pages 37-46, 






XP002265988 






ISSN: 0022-2275 






the whole document 




A 


US 5 976 817 A (DAVIES-HEEREMA THERESA A 


6-15, 




ET AL) 2 November 1999 (1999-11-02) 


27-34 




the whole document 





Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



iraHauonai application mo. 

PCT/US 03/19375 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established In respect of certain claims under Article 17(2)(a) for the following reasons: 



1. \T\ Claims IMos.: 20-26 
because they relate to subject matt 



Jfect matter not required to be searched by this Authority, namely: 

Rule 39. 1(1 v) PCT - Method for treatment of the human or animal body by 
therapy 

PH Claims Nos.: 16-26 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful Internationa! Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. I I Claims Nos.: 

because they are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions In this international application, as follows: 



1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
I — ' searchable claims. 



2. \^ As all searchable claims could be searched without effort Justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 — 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. LJ No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned In the claims; it is covered by claims Nos.: 



Remark on Protest [ J The additional search fees were accompanied by the applicant's protest. 

|~| No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



International Application No. PCTAJS 03 A9375 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 
Claims Nos. : 16-26 



Present claims 16-26 relate to a compound defined by reference to a 
desirable characteristic or property, namely being able to inhibit 
binding of an amyloid peptide to a lipid composition comprising 
cholesterol and a phospholipid. 

The claims cover all compounds having this characteristic or property, 
whereas the application provides support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 PCT for none of 
such compounds. In the present case, the claims so lack support, and the 
application so lacks disclosure, that a meaningful search over the whole 
of the claimed scope is impossible. Independent of the above reasoning, 
the claims also lack clarity (Article 6 PCT). An attempt 1s made to 
define the compound by reference to a result to be achieved. Again, this 
lack of clarity in the present case is such as to render a meaningful 
search over the whole of the claimed scope Impossible. Consequently, the 
search has been not been carried out for claims 16-26. 

The applicant's attention 1s drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



PCT7uS 03/19375 



• 


Patent document 




Publication 




Patent family 


Publication 


• 


cited in search report 




date 




member(s) 


date 


* 


JP 7122628 


B 


25-12-1995 


JP 


2085657 C 


23-08-1996 










JP 


62000844 A 


06-01-1987 



JP 4326048 



16-11-1992 JP 



2573429 B2 



22-01-1997 



WO 0071742 



30-11-2000 



WO 0071742 A2 

AU 5150800 A 

CA 2374436 Al 

EP 1180162 A2 

JP 2003500065 T 

US 2003143720 Al 

US 2003065452 Al 



30-11-2000 
12-12-2000 

30- 11-2000 
20-02-2002 
07-01-2003 

31- 07-2003 
03-04-2003 



WO 9937757 


A 


29-07-1999 


AU 


2462399 A 


09-08-1999 








CA 


2319210 Al 


29-07-1999 








EP 


1047773 Al 


02-11-2000 








WO 


9937757 Al 


29-07-1999 








US 


6586389 Bl 


01-07-2003 


DE 10150971 


A 


17-04-2003 


DE 


10150971 Al 


17-04-2003 


US 5976817 


A 


02-11-1999 


AU 


5153398 A 


22-05-1998 








WO 


9819169 Al 


07-05-1998 



Form PCT/JSA/210 {patent family annex) (July 1092) 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

JLACK BORDERS 
^OTlMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

< 0^COLOR OR BLACK AND WHITE PHOTOGRAPHS 
^Q^GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE (S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



